Stress that is experienced after items have been encoded into memory can protect memories from the effects of forgetting. However, very little is known about how stress impacts recognition memory. The current study investigated how an aversive laboratory stressor (i.e., the cold-pressor test) that occurs after information has been encoded into memory affects subsequent recognition memory in an immediate and a delayed test (i.e., 2-h and 3-month retention interval). Recognition was assessed for negative and neutral photographs using a hybrid remember/know confidence procedure in order to characterize overall performance and to separate recollection-and familiarity-based responses. The results indicated that relative to a non-stress control condition, post-encoding stress significantly improved familiarity but not recollection-based recognition memory or free recall. The beneficial effects of stress were observed in males for negative and neutral materials at both immediate and long-term delays, but were not significant in females. The results indicate that aversive stress can have long-lasting beneficial effects on the memory strength of information encountered prior to the stressful event.
Introduction
Stress can impact memory in various ways (Joëls, Pu, Wiegert, Oitzl, & Krugers, 2006; Lupien & McEwen, 1997; McGaugh & Roozendaal, 2002; Schwabe, Joëls, Roozendaal, Wolf, & Oitzl, 2012) . For example, chronic stress can lead to permanent impairments in long term memory (McEwen & Sapolsky, 1995) , and acute stress encountered during or just prior to retrieval can lead to decrements in memory performance (e.g., Schwabe, Wolf, & Oitzl, 2010; Smeets, Otgaar, Candel, & Wolf, 2008) . However, there is growing evidence that acute stress encountered shortly after encoding can have beneficial effects on free recall, in the sense that post-encoding stress can protect memories from the effects of forgetting (Andreano & Cahill, 2006; Cahill, Gorski, & Le, 2003; Smeets et al., 2008) . The beneficial effects of stress during the retention interval are theoretically important because they provide evidence for a consolidation process whereby stress acts to protect or strengthen recently encoded memories (e.g., McGaugh, 2000; Schwabe et al., 2012) .
However, whether stress has a direct impact on memory strength is unclear because in almost all of the previous studies of post-encoding stress only free recall was measured rather than recognition memory. Stress may increase recall performance by facilitating the retrieval or search processes that are critical for recall without directly impacting the strength of the underlying memory trace. In the only study that has examined the effects of stress on recognition (Yonelinas, Parks, Koen, Jorgenson, & Mendoza, 2011) subjects encoded a mixture of negative and neutral photographs, then either went skydiving or waited on the ground. After a 2-h delay period, free recall and recognition memory were tested. Recognition was tested using a remember/know and confidence rating procedure in order to separate recollection and familiarity-based recognition. The results indicated that stress led to an increase in familiarity-based recognition memory, and did not impact recollection-based recognition or free recall. In addition, the beneficial effects of stress were observed in males but not in females, a finding that is consistent with prior studies in humans and animals (e.g., Andreano & Cahill, 2006; Cazakoff, Johnson, & Howland, 2010; Conrad et al., 2004) , and that has been attributed to variations in hormonal levels across the estrus cycle (for a review, see Andreano & Cahill, 2009 ).
The results of Yonelinas et al. (2011) provide support for the idea that stress facilitates the consolidation of recently encoded memories, in the sense that stress influenced familiarity strength, but they raise a number of important questions. First, do the effects of skydiving on recognition generalize to other forms of stress? Skydiving is unusual in that subjects are willing to pay for the experience, and it is a very extreme stress manipulation. That is, the cortisol elevations reported in the skydiving study were about two times the magnitude of those reported in most laboratory
